Triple-negative breast cancer (TNBC) is defined by the lack of the expression of estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2). It is characterized by aggressive behavior, poor prognosis and lack of targeted therapies. MicroRNA (miRNA) as a novel modulator of gene expression has played an important regulatory role in the malignancy. Dysregulation and/or mutation of the miRNAs may also contribute to the TNBC susceptibility since it is associated with the expression of ER, PR and HER2. Single nucleotide polymorphisms (SNPs) in miRNAs may be extremely relevant for TNBC. We tried to validate the hypothesis that genetic variations in miRNA are associated with TNBC development, and identify candidate biomarkers for TNBC susceptibility and clinical treatment. We screened the genetic variants in all miRNA genes listed in the public database miRBase and NCBI. A total of 23 common SNPs in 22 miRNAs, which tagged the known common variants in the Chinese Han people with a minor allele frequency greater than 0.05, were genotyped. This case-control study involved 191 patients with TNBC and 192 healthy female controls. Frequencies of SNPs were compared between cases and controls to identify the SNPs associated with TNBC susceptibility. No significant association was found between TNBC risk and the SNPs in the miRNA genes in the Chinese Han people (P.0.05), but this warrants further studies.
Introduction
Triple-negative breast cancer (TNBC) is defined as a subgroup of breast carcinomas that are negative for expression of estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor-2(HER2) [1, 2] . TNBC accounts for approximately 10%-20.8% of all breast cancers, with a higher morbidity in younger women [3, 4, 5] . Furthermore, TNBC is characterized by aggressive behavior, poor prognosis and lack of targeted therapies [6, 7, 8] . It is reported that African American and Hispanic women have a higher risk of TNBC, and African Americans have worse prognosis than any other ethnic groups [5, 9] , suggesting that genetic background may play an important role in TNBC and genetic variation would be a major risk for TNBC.
From the viewpoint of the human genome, individuals are 99.9% identical. Yet, the residual 0.1% leads to several million spelling differences, with some of the variations posing dramatically higher risks of certain cancers and other diseases. These differences are known as polymorphisms, of which the most important type is the single nucleotide polymorphisms (SNPs). SNP is a DNA sequence variation that occurs when a single nucleotide (A, T, C, or G) in the genome sequence is altered.
Within a population, SNPs can be assigned a minor allele frequency, the ratio of chromosomes in the population carrying the less common variant to those with the more common variant. SNPs make up 90% of all human genetic variations, and a SNP with a minor allele frequency of $1% occurs every 1000 base pairs along the human genome. There are roughly 3610 6 SNPs in the human genome. In fact, the 0.1% of variations in the DNA sequences of humans can lead to various risks of diseases and affect how humans develop diseases and respond to pathogens, chemicals, drugs, etc. Consequently, SNPs as biological markers are of great value to biomedical research and can provide the information about a patient's risk for disease development and the disease process, and protein targets for novel drug therapies. SNPs have been recently reported to be associated with the susceptibility and prognosis of breast cancer.
A microRNA (miRNA) is a short ribonucleic acid (RNA) molecule found in eukaryotic cells. A microRNA molecule has fewer nucleotides (an average of 22) compared with other RNAs, and there are 84% of miRNAs with a length range of 21-23 nucleotides [10] . miRNAs are post-transcriptional regulators that bind to complementary sequences on target messenger RNA transcripts (mRNAs), usually resulting in translational repression or target degradation and gene silencing. To date, there are a total of 695 human miRNAs available in the public database miRBase (http://microrna.sanger.ac.uk), and more than half of the miRNAs are located in the cancer-associated genomic regions or at fragile sites, as well as in the minimal regions of loss of heterozygosity, minimal regions of amplification (minimal amplicons), or common breakpoint regions [11] . MicroRNAs target about 60% of all genes, are abundantly present in all human cells and are able to regulate the expression of one-third of all human genes. The dysregulation of miRNA has been found to be closely associated with the development of various tumors [12] . Up to now, a few miRNAs acting as proto-oncogenes or tumorsuppressor genes, have been found to be involved in the development and progression of tumors by regulating the transcription and translation of the target genes [12, 13] . In breast cancer, the expression of ER, PR and HER2 is also regulated by miRNAs [14, 15] . Previous studies have focused on the regulations of miRNA on its target genes, but have neglected the abnormal expression and functions of miRNA itself. Most of the miRNA genes arise from discrete independent transcription units that are not located near to their target genes. The SNPs in miRNA genes, including primiRNAs, pre-miRNAs and mature miRNAs, could potentially influence the function of miRNA [16] . The genetic variations of miRNA-encoding genes can modify the function of miRNAs by changing the expression and maturation of miRNAs, including the selection of the target sites and the inhibitory effects on target genes of miRNAs [17] . The structure and function of miRNA genes are closely related to the development of tumors. In addition, some studies have reported that SNPs in miRNA genes are associated with the pathogenesis of multiple tumors [18, 19, 20, 21, 22] . In a case-control study of 346 Caucasian esophageal cancer patients and 346 frequency-matched (age, gender, and ethnicity) controls, seven SNPs in 26 miRNA-related genes were found to be significantly associated with esophageal cancer risk [19] . The SNPs in miRNA-related genes were also found to be closely associated with the risk of bladder carcinoma, renal carcinoma and non-small cell lung cancer [20, 21, 22] .
Although several studies have focused on the association between individual SNPs of miRNA genes and breast cancer susceptibility [23, 24] , there have been few systematical studies about the relationship between miRNA genetic variations and TNBC risk, especially in the Chinese women. Thus, in this casecontrol study, we detected the main SNPs of all miRNA genes in an attempt to discover the genetic variants in miRNA genes which alter the susceptibility to TNBC in a Chinese Han population. 
Materials and Methods

Ethics Statement
Study Subjects
All the subjects included in this case-control study were genetically independent ethnic Han Chinese. They consisted of 383 women who were permanent residents of Beijing and several other provinces in northern China. The subjects were divided into two arms. Arm 1 (n = 191) was TNBC patients, and arm 2 was the normal controls. All the eligible cases in arm 1 were confirmed histopathologically and treated at Cancer Hospital, Chinese Academy of Medical Sciences (Beijing, China). Patients with a previous history of cancer, metastatic cancer, or previous radiotherapy or chemotherapy were excluded. This study was approved by the Institutional Review Board of the Chinese Academy of Medical Sciences Cancer Hospital (No: CH-BC-019).
The ER and PR status was evaluated based on the immunohistochemical (IHC) results of formalin-fixed, paraffin-embedded breast cancer tissue samples from the patients. Positive ER and PR status was defined by nuclear staining of more than 10%. IHC was performed with anti-ER and anti-PR antibody. To determine the HER2 status, IHC or gene amplification was performed by fluorescence in situ hybridization (FISH). Tumors negative for ER, PR and HER2 were defined as TNBCs and compared with normal controls.
The control series consisted of 192 unrelated female blood donors, who were randomly drawn from the Breast Cancer Screening Project of the same hospital during the same period, and presented no evidence of breast cancer, or any other suspicious precancerous lesions of the breast. These normal controls reported no cancer history and were frequency-matched to the cases on age (65 years).
Candidate miRNAs and SNP Selection
We screened genetic variants in all miRNA genes, which are listed in the public database miRBase (http://microrna.sanger.ac. uk) and NCBI (http://www.ncbi.nlm.nih.gov/SNP/). The common SNPs in pre-miRNA and flanking sequences (mainly in the 2 kb upstream regulatory region) were selected as candidates for genotyping. Although there are a large number of human miRNAs, their encoding sequences are short and highly conserved. Therefore, the common SNPs in human miRNAs are limited in number. The inclusion criteria for candidate SNPs were as follows: SNPs known in ethnic Han Chinese people; SNPs with a minor allele frequency (MAF) of .0.05. Finally, a total of 24 candidate SNPs were selected for genotyping.
Genomic DNA Extraction
Genomic DNA was extracted by Phenol/Chloroform. Two ml blood sample was collected from the patients and controls, and stored at 280uC. The frozen samples were thawn and centrifuged at 50006g for 15 min, and the upper layer was removed and discarded. An appropriate amount of lysis buffer (10 mM TrisHCl, pH 8.0; 0.1 M EDTA; 20 mg/ml RNase A, 0.5% SDS) was added into the tube and mixed with the cell pellet thoroughly. The mixture was incubated at 37uC for 1 hour. Proteinase K solution (100 mg/ml) was added and mixed thoroughly, and incubated at 37uC overnight. An equal volume of Tris-HCl buffer-saturated phenol solution (pH 7.4) was then added into the mixture, mixed thoroughly and centrifuged at 80006g for 15 min. The upper aqueous layer was carefully removed to a new tube and an equal volume of phenol:chloroform (1:1) was added to the solution, mixed thoroughly and centrifuged at 80006g for 15 min. The upper aqueous layer was removed to a new tube, added with 10% ammonium acetate solution (10 M), mixed thoroughly, added with 2 volumes of ethanol, mixed well and stored at 220uC. The DNA precipitation was washed twice by 75% ethanol and then dissolved in TE buffer. The DNA concentration was determined by a spectrophotometer. The extracted DNA sample was placed into a 1.5 ml micro-centrifugal tube and stored at 280uC. The requirements for Sequenom analysis are: DNA concentration $10 ng/ml, and OD260/280 = 1.8-2.0.
Genotyping and Quality Control
MassARRAYH MALDI-TOF System (Sequenom Inc., San Diego, CA, USA) was used for genotyping the candidate SNPs by the method described in Sequenom Genotyping Protocol. The PCR primers and probes were designed according to the reference sequences in NCBI GenBank database. Table 1 displays the PCR primers and probes of the detected 24 SNPs. Duplicate samples and negative controls (without DNA) were set for quality assurance of genotyping. Concordance for duplicate samples was 100% for all assays. The group information of each sample was blinded to genotyping analysis and the analysts.
Statistical Analysis
Hardy-Weinberg equilibrium test was undertaken to validate the genotype distributions of each SNP using the Chi-squared test or Fisher's exact test (when sample size was too small for the x 2 test, the Fisher's exact test was used). The SNPs whose distribution frequencies were not consistent with Hardy-Weinberg equilibrium would be kicked out of the association analysis. The x 2 test was used to examine differences in alleles and distribution of genotypes between cases and controls. The association between genotype and risk of breast cancer was estimated by calculating the odds ratio (OR) and their 95% confidence interval (95%CI) with unconditional logistic regression models. The ORs were adjusted for confounding factors such as age and tobacco smoking. All statistical tests were two-sided, and P,0.05 was considered significant. The statistical analyses were performed using SPSS10.0 and SHEsis [25] Statistical Analysis System software.
Results
Subject Characteristics
This study included 191 TNBC patients and 192 control subjects, the median age was 49 years (range, 21-81 years). The characteristics of the subjects are summarized in Table 2 . There were no significant differences in age distribution (P = 0.161) and smoking status (P = 0.503) between patients and controls (P = 0.161). However, much more patients had a family history of breast cancer or ovarian cancer than the controls (10.5% vs. 1.6%, P = 0.000). In addition, there were more patients with menarche age below 14 years compared with the controls (48.7% vs. 37.5%, P = 0.030). And the number of premenopausal patients was also larger than that of the controls (62.3% vs. 50.0%, P = 0.018). All these characteristics were considered as common risks for breast cancer.
Genotyping and Association Analysis of miRNA SNPs and TNBC Risk
We screened genetic variants in all the miRNA genes listed in the public database miRBase and NCBI. A total of 24 common SNPs in 23 miRNAs were selected for genotyping (Table 3 ). The SNP rs11014002 was eliminated in the statistical analysis because it was not in accordance with the Hardy-Weinberg equilibrium. Finally, a total of 23 SNPs in 22 miRNAs were included in the statistical analysis. Table 4 shows the genotype frequencies of all miRNA SNPs in both cases and controls. The non-conditional logistic regression analysis found no statistically significant differences between cases and controls in terms of distribution frequencies of SNP genotypes. Moreover, the SNP genotypes of patients and controls were not obviously associated with TNBC risk (P.0.05).
Discussion
Triple-negative breast cancer (TNBC) is defined as a subgroup of breast carcinomas. TNBC exhibits special biological and clinicopathological characteristics, and have high proliferation and low differentiation ratios. TNBC shares some similar characteristics with basal-type breast cancers and BRCA1-related breast cancers. TNBCs are generally very sensitive to chemotherapy; however, some types of TNBCs are known to be more aggressive with poor prognosis. TNBC arises as a result of multiple somatic molecular events that can be genetic or epigenetic. Genetic variability appears to influence not only the risk but also the type of TNBC. Therefore, it is necessary to investigate the pathogenesis of TNBC and search for the genetic markers which can predict the development of TNBC. MicroRNAs (miRNA) are small non-coding RNA molecules involved in a diversity of cellular functions. miRNA, as a ''hacker'' in gene research, can regulate the expression of one-third of all human genes. A number of studies have shown that dysregulation of miRNAs is involved in cancer initiation and progression. However, few studies have investigated the association between genetic variants in miRNA genes and TNBC susceptibility. We thus attempted to investigate the SNPs of all miRNA genes in an ethnic Han Chinese population using the MassARRAYH MALDI-TOF System. We hypothesized that genetic variations of the miRNA genes could be associated with the risk of TNBC. However, the results showed that none of the SNPs was significantly associated with TNBC. This finding may be attributed to a number of reasons as follows.
Firstly, the majority of miRNA genes are highly conserved [26] , especially the seed sequences which bind to the target messenger RNA transcripts (mRNAs). Some recent studies have found SNPs in miRNA genes [16] . Iwai et al. [27] sequenced 173 human premiRNA genome regions in 96 subjects and identified 10 polymorphisms in 10 pre-miRNA hairpin regions. They identified a C to A polymorphism in the mature miR-30c-2 sequence which may alter target selection, thus exerting profound biological effects; however, the other 9 polymorphisms have shown no effect on microRNA processing. These results are consistent with the conservative property of miRNA genes. We found no genetic variants in miRNA genes which are associated with the development of TNBC in this study, possibly because SNPs in miRNA genes can not alter target selection of miRNAs, thus can not exert any biological effects.
Secondly, miRNA-related SNP is a wide concept, which involves SNPs in miRNA encoding genes, regulatory factors of miRNA transfer, processing and maturation pathways and SNPs in miRNA target site. These SNPs can alter the function of miRNA by different ways and mechanisms. We have investigated the SNPs in miRNA encoding genes; however, it is just the tip of the iceberg of miRNA's complex regulatory network. Although SNPs in miRNA encoding genes were not found associated with TNBC risk in the ethnic Han Chinese population, these negative results seem to suggest that SNPs in miRNA target site or in regulatory factors of miRNA, compared with SNPs in miRNA encoding genes, may be more target and/or pathway specific. Some studies have supported this viewpoint. Nicoloso et al [28] analyzed target SNPs, which were known to modify miRNA binding sites and miRNA gene regulation, and found that target SNPs were implicated in breast caner susceptibility, and germline occurrence of rs799917-BRCA1 and rs334348-TGFR1 significantly varied among populations at different risks for breast caner development. Liang et al [29] have analyzed 226 SNPs in miRNA processing genes and miRNA binding sites in 339 ovarian cancer cases and 349 healthy controls, and found that 13 SNPs were significantly associated with ovarian cancer risk. In addition, Saunders et al [16] analyzed the publicly available SNP data in context with miRNAs and their target sites throughout the human genome, and found a relatively low level of variation in functional regions of miRNAs, but an appreciable level of variation at target sites. Thirdly, miRNA plays a very complex role in the regulation of tumors. Compelling evidence has shown that miRNAs are involved in cancer initiation and progression by gene amplification [30, 31, 32, 33] , gene deletion [34] , and abnormal activation or inhibition of proteins which can regulate the expression of miRNAs [13, 35, 36, 37] . On the other hand, SNPs in miRNA genes, including pri-miRNAs, pre-miRNAs and mature miRNAs, could potentially influence the function of miRNA. The genetic variations of miRNA-encoding genes can modify the function of miRNAs by changing the expression and maturation of miRNAs, including the selection of the target sites and the inhibitory effects on target genes of miRNAs. Over the past few years, an increasing number of studies have highlighted the key role of the microRNAs in the regulation of several important signal pathways of tumorigenesis and apoptosis. In this study, we have screened SNPs, whose minor allele frequency (MAF) is listed in the public database miRNA Base and NCBI, in all miRNA genes of ethnic Han Chinese population. And we selected SNPs located in various miRNAs, including miRNAs which regulate breast cancerassociated genes, such as RAS, PTEN, ATM and BRCA1/2 (hsa-mir-149, hsa-mir-196a-2, hsa-mir-30c-1, hsa-mir-146a, hsalet-7f-2); miRNAs regulating breast cancer associated receptors ER, PR and HER2 (hsa-mir-27a, hsa-mir-125b-1, hsa-mir-105-1, hsa-mir-105-2); and miRNAs closely associated with breast caner invasion and metastasis (hsa-mir-373 and hsa-mir-10b). The synergic effect of the miRNA genes plays a very important role in the generation, extinction and evolution of miRNA itself [38] . The complex regulatory network between miRNAs and various factors which could influence the expression of miRNAs, can both mask the biological effects of a single SNP. Therefore, we observed no significant association between SNPs in miRNA genes and TNBC risk. We will determine whether polymorphic sites in miRNA genes with linkage relationship will alter the association analysis between SNPs and disease susceptibility in our upcoming studies.
Finally, this is a preliminary exploratory study. When designing this study, we focused on the main effects of predisposing genes, but not on the gene-gene interactions. The sample size was small (cases/controls, 191/192), which may lead to the negative result and its consequent low power of test. This is mainly attributed to the fact that the incidence of TNBC is low, being about 12% of all the breast cancers in Chinese people.
In conclusion, this is the first study to investigate the relationship between all miRNAs with genetic variants and TNBC risk in a Chinese Han population, which has shown that SNPs in all miRNAs were not obviously associated with TNBC risk. MicroRNAs play an important role in physiological and pathological processes. They interact with each other intricately and exert complex functions which have not been clearly elucidated. In addition, miRNAs are highly conserved. The genotype and function of SNPs in miRNA-encoding genes and their influence on phenotypes are also unknown. In the present study, we have 
